There is currently underway a project, which is being conducted by the ASTM D.02N.07 Piston Pump Task Force , to develop a standard high-pressure piston pump test and related pump testing protocol . Various pump tests are being considered including proposals submitted by Komatsu, Rexroth, Denison, Vickers and others . The objective of this paper is to provide an overview of the importance and current status of this work and to outline future directions this work is likely to take.
INTRODUCTION
There is an increasing trend toward increasing hydraulic efficiencies and higher operating pressures. There is also an increasing demand for hydraulic fluids with longer useful lifetimes. In addition, there are ongoing work to develop improved mineral oil additive packages [1] , biodegradable fluids [2] , and expand the use of fire-resistant fluids such as water-glycol fluids that are capable of being used at pressures of 5000 psi (34.5 MPa) [3] . These and other innovations have put evergreater emphasis on the development of effective fluid performance screening tests for high-pressure piston pump applications.
Fluid screening tests can be considered to be primarily of three types. One is a physical/chemical characterization of the hydraulic fluid. The second is based on various test protocols developed by different national standards organizations such as ASTM Test Method D 6158 (Standard Specification for Mineral Oil Hydraulic Fluids), VDMA [4] , and industry specifications such as the Caterpillar BF-1 specification for biodegradable hydraulic fluids [2] . The third is composed of various bench tests.
Most workers in the field would acknowledge that the best test would be to evaluate the hydraulic fluid in the hydraulic pump and system of interest. However , this is clearly an impractical way to develop and screen hydraulic fluids. Therefore, over the years , numerous hydraulic pump tests have been developed [5 ,6,7] now-obsolete Eaton (formerly Vickers) V-104C vane pump [6, 7] . Although ASTM D 2882 and related tests have served the industry well for many years, these tests are not sufficient to screen hydraulic fluids that will be used at much higher pressures and under different lubrication conditions encountered in piston pumps. A higher pressure vane pump test, the Eaton (formerly Vickers) 35VQ25 vane pump test was developed to provide a better measure of hydraulic fluid performance at higher pressures and more rigorous pump conditions [8] . However, in vane pumps, where the wear is primarily sliding wear, are not good indicators for performance in piston pump applications. Therefore various piston pump tests such as the Denison HF-O pump test, which utilized the now obsolete Denison P-46 piston pump, was developed [9] . More recently, a number of additional piston pump tests are under development and have been proposed as potential national and international standards including: Rexroth A4VS0125 axial piston pump test [4] and the Komatsu HPV35+35 piston pump test [7] . Although high-pressure piston pump tests are desirable, they may be prohibitively expensive, time consuming and require large volumes of fluid for testing. Therefore, it is desirable that, if possible, a faster, less expensive and meaningful bench test be identified. Unfortunately, common bench tests, such as the 4-ball test, when run under so-called "standard" conditions, has never been shown to simulate hydraulic pump wear [1, 7] . Fortunately, in recent years, variations of this test have been developed which are reported to simulate vane pump wear [10] .
Another bench test that has been reported to simulate boundary lubricating conditions that may be encountered in a piston pump, although relatively time consuming, large scale and expensive to perform is the FZG Gear Test [111 Other testing approaches have been reported [12, 13] . Mizuhara and Tsuya have demonstrated that conventional bench tests can be used if the testing conditions are optimized to model wear at a specific wear contact for a wide range of fluids [14] .
Most recently, Feldman and Kessler have custom designed a bench test to specifically model wear within an Eaton (Vickers) V-104C vane pump [15] . However, this promising test is not yet ready for wide spread use and development work is continuing.
The objective of this paper is to summarize the status of work that has been ongoing within the Piston Pump Test Development Task Force within the ASTM D.02 N subcommittee. This discussion will provide a brief overview of a number of the concerns addressed and the final outcome of this study. DISCUSSION 
Chemical and Physical Property Characterization
The ASTM Piston Pump Task Force concluded that to properly characterize a hydraulic fluid it is necessary to consider it as a component of the overall hydraulic circuit. Therefore, it is necessary to obtain sufficient chemical and physical properties for the hydraulic fluid being considered so that adequate design accommodations can be made.
Before any large-scale pump testing work is performed, it is recommended that an extensive set of physical property data including: density, pour point, viscosity as a function of temperature, water content, pH, foaming, air release properties, emulsion stability, heat capacity, conductivity, vapor pressure, sediment an cleanliness rating be obtained. Other tests can be included as needed.
In addition to physical properties, an extensive set of chemical properties is also needed. These include: shear stability, oxidative stability, corrosion protection for various metals including: copper, brass, steel, aluminum and where appropriate, zinc and cadmium. The corrosion protection for various metal couples should be evaluated as appropriate. In addition, elastomer and paint compatibility should also be evaluated.
Taken together, these tests will provide an excellent insight into potential performance of a hydraulic fluid under various use conditions.
Bench Testing
There are various critically important wear modes in a piston pump including: sliding motion such as would occur in pistons in cylinders; mixed rolling and sliding motion as would occur in rolling element bearings (along with fatigue wear); corrosion; and cavitation wear which might occur on the swash plate and at other locations within the piston pump. The relative amount of wear is dependent on the material pairs used for construction of the wear contacts. It is impractical to evaluate all of these performance parameters using large piston pumps as the sole screening test; therefore it has been recommended that additional bench tests be employed.
Numerous bench-testing schemes have been reported for the evaluation of the lubrication properties of hydraulic fluids. Many of these have been reviewed in Reference 7. One of the most helpful references to aid in the use of bench testing conditions to simulate hydraulic fl uid wear was published by Mizuhara and Tsuya [14] . Rexroth Piston Pump Test-Rexroth has proposed a three-stage piston pump test based on the Brueninghaus A4VSO125 axial piston pump. Stage one is conducted at maximum operating pressure, displacement and temperature and at the minimum viscosity specified for the fluid being tested. The test duration is 250 hours at which time the pump is dismantled and inspected. The second stage of the test is a pulsed pressure test at the maximum displacement of the pump. This stage is operated for one million cycles. When this stage is complete, the pump is dismantled and inspected. The third stage is a variable displacement stage at maximum pressure, maximum temperature and minimum fluid viscosity. The test duration is one million cycles (at approximately 1 Hz.) at which time the pump is dismantled and inspected again. The test conditions are summarized in Table 2 . The final pass/fail assessment is made with reference to a standard damage catalog provided by Rexroth. Sundstrand Water Stability Test Procedure-This test was originally conducted using a Sundstrand Series 22 piston pump at a constant pressure. Currently this test procedure is conducted using a Sundstrand Series 90 piston pump with a 55-cc displacement. The objective of the test is to determine the effect of water contamination (1%) on mineral oil hydraulic performance and yellow metal corrosion. However, other fluids, including watercontaining fluids such as HFB and HFC fluids, and biodegradable fluids may also be evaluated using this test. The test conditions are summarized in Table 3 . The Eaton PVH57C piston pump test is conducted using the recommended speed, pressure and temperature provided in Table 4 , while monitoring: input torque, output pressure, output flow, case flow, case temperature, case pressure, inlet temperature and SAE Derived Capacity (according to SAE J 745).
Summary of Pass/Fail Criteria for the Eaton PVH57C Piston Pump after Testing-The Eaton PVH57C piston pump will be disassembled at the indicated times during the test and inspected for: 
ASTM Piston Pump Testing Guide
As a result of the deliberations of the ASTM D.02N Piston Pump Test Task Force, a consensus was reached that the recommendations for an ASTM document on this subject would include: fluid physical property/chemical property characterization, bench testing and pump testing. Because of the wide variety of materials that may be encountered in any commercial pump, no agreement could be reached on the recommendation of a single pump for the development of a national standard because the expected fluiddependent wear properties could potentially vary greatly with the particular pump used for the test. This would not be helpful to other pump manufacturers, fluid formulators or end users.
Therefore the conclusion was that it not the goal to develop a single national standard but to assure that piston pump testing is done to a standard requirement. Thus, the first recommendation of the ASTM D.02N Piston Pump Task Force was that no single national standard be developed. However, ASTM would work with any pump manufacturer who wishes to convert their in-house industry test into an ASTM standard.
The second recommendation of the Piston Pump Task Force was to develop general, nonmandatory guidelines for evaluation of hydraulic fluids in piston pumps. These guidelines have been included in the ASTM D 6813 Standard Guide for the Performance Evaluation of Hydraulic Fluids for Piston Pumps which is in the final balloting stage and is expected to issue at the end of the year 2002. 
